A dedicated, time dependent finite element program was used to study the absorption of sound in a viscoelastic cylinder containing a cavity. The effect on the sound absorption and the cylinder surface impedance of varying the cavity's size and shape was examined.
INTRODUCTION
Tanks used to calibrate hydrophones usually suffer from wall reverberations making accurate data difficult to obtain. Coating the sides, top and bottom of such a tank with a layer of viscoelastic material which absorbs some of the incident sound can reduce these unwanted reflections. In order to maximize this absorption, reference 1 suggests the use of air voids in the viscoelastic material and discusses the use of cylindrical cavities whose walls are normal to the tank wall and located such that one end is in the rubber layer and the other is formed by the tank wall. We have studied such a cavity using a finite eleolent analysis supported by data obtained from a guided wave tube for experimental verification. Fig. 1 . Shear modulus and loss factor vs frequency for the viscoelastic material used for these studies. Note the relatively large variation in these quantities as the frequency varies.
THEORETICAL STUDIES
The model chosen for this study consisted of a cylindrical viscoelastic disk 5.0 cm in diameter. One end of the disk was attached to a rigid base and the outer walls of the disk constrained to move only in a direction normal to that base. Axially centered in the disk was a cylindrical hole with the rigid base forming one end and the viscoelastic material the other end. In all cases, there was 3.0 cm of material between the top of the hole and the top of the disk. This simulated a construction technique wherein a perforated viscoelastic material is f-irst formed and then a second layer is bonded to the first. The radius and Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1990286
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height of the hole were varied for these impedance studies and the disk radius alone for the air content studies. In our model, sound was incident on the non-bonded end of the viscoelastic absorber.
We will consider a. harmonic wave of the form e-iwt normally incident on the upper surface of the sample. The matrix differential equation where [K] is the assembled stiffness matrix, [C] is the assembled damping matrix, [MI is the assembled mass matrix, (x) is the displacement matrix, (F(t)) is the assembled force matrix, was used to describe the viscoelastic system including the cylindrical hole. Especially for a viscoelastic material which exhibits both damping and hysteresis, (F(t)) and (x) will be complex numbers and we will write and
Here, F, F' and F" are real as well as x, x' and x". Substituting the above into the matrix differential equati,on and equating the real and imaginary parts, we can write two simultaneous equations in matrix form:
Eight noded isoparametric elements in a finite element formulation were used to solve this equation. Axisymmetric symmetry was employed for computational simplification; a front solver was used to save computation time. See reference 2.
For a viscoelastic material, the shear modulus and loss factor are functions of the frequency at which the material is used: thus values of these parameters corresponding to each frequency employed in the finite element calculation must be chosen. Although there are analytic represntations for these functions, and the Kramers-Kronig relationship specifying their independence, we have found that a computer look-up table gave us the most accurate results.
The solution of the finite element equation yielded a complex number representation of the displacements. A post-processor performed a single differentiation to obtain the complex velocity. The surface impedance, which is the surface velocity divided by the surface pressure, can then be calculated as the pressure on the surface was one of the initial conditions. Knowing this impedance, the coefficient of reflection R, can be calculated from the equation where Zm is the surface impedance of the model and Z, is the impedance of the water surrounding sample.
The absorption in terms of decibels is usually defined as -20.0 log(R) and plots were made of the absorption vs frequency and surface impedance.
EXPERIMENTAL
The guided wave tube shown in figure 2 was used to experimentally verify the finite element work. This tube consists of a pipe, filled with water, and of sufficient length to allow several wavelengths of the sound wave to propagate at the same time in the water..A diode switching network permits a single miniature transducer at one end of the tube to serve as both a sound projector and a receiving hydrophone and the sample was placed at the other end.'~ound waves were emitted from the projector and traveled through the water in the tube to the sample. Here they were reflected back torward the transducer where they were received and their amplitude measured. Dividing the received amplitude of the sound waves by the transmitted amplitude of the sound waves yielded the absorption. See reference 3. Figure 3 is a comparison between experimental pulse tube data and a finite element calculation for the same viscoelastic sample. As the pulse tube requires some pressurization of its water medium to operate satisfactorily, the difference in absorption between the two curves could be due to the fact that this pressure causes the absorption to decrease, and this effect is presently not taken into account in the finite element program. 
VERIFICATION

RESULTS
The effect on the absorption and impedance of varying the hole height while keeping the radius fixed is shown in figure 4 . Here we observe the changes in resonant frequency and impedance as the hole height varies from .0015 meters to .003 meters. As the hole height controls the side wall resonance, the frequency shift is most noticeable in the 20-30 kHz area where the side wall system has its resonance. For a constant hole height of .0015 meters, figure 5 shows the impedance plane for hole radii varying from .009 meters to .015 meters. Note again the curving of the impedance trajectories especially for the case where the hole radius is .009 meters where the trajectory actually intersects itself at the highest frequency. 
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CONCLUSIONS
The results show that a finite element program solving the time dependent differential equation for motion for a viscoelastic material gives results which are in good agreement with experimental data obtained from a guided wave tube. For a single air c&vity in a viscoelastic cylinder, two resonances are dominant; the membrane or low frequency resonance and a higher resonance produced by the walls of the hole. These resonant frequencies can be chosen by careful selection of absorber geometry. and the absorption then maximized by selection of the air content.
The impedance appears to be a very sensitive indicator of hole radius. If one considers a rubber sheet bonded to a calibration tank, then hidden debonds, similar to shallow holes, would manifest themselves by changes in the surface impedance and these could be detected by ultrasonic techniques.
